INTRODUCTION
Carbon dioxide comprises over 95% of the atmosphere of Mars, despite continuous photolysis of CO2 by solar UV radiation. Since the direct recombination of CO and O is slow, the balance between CO2 production and loss in the Martian atmosphere (the "stability of CO2") is thought to be maintained by a HOx-catalyzed CO oxidation scheme [McElroy and Donahue, 1972; Parkinson and Hunten, 1972] . Thus, the rate of CO oxidation is sensitive to the abundance and altitude-distribution of the HOx species (OH, H and HO2).
Recent models of gas-phase chemistry in the Martian atmosphere predict ratios of CO to CO2 lower than those observed, presumably due to an overabtmdance of HOx [Shimazaki, 1989; Krasnopolsky, 1991; Nair et al., 1991 Nair et al., ,1992 . This is largely the result of two important factors which were not considered in the classic explanations of CO2 stability [McElroy andDonahue, 1972; Parkinson and Hunten, 1972] . First, the temperature dependence of the CO2 absorption cross section [e.g.,DeMore and Patapoff, 1972; Lewis and Carver, 1983] was not accounted for in earlier studies. This effect should decrease the calculated CO2 photolysis rate, while increasing the rate of HOx production via photolysis ofH20 [Parisot and Zucconi, 1984 ; Anbar et al., this issue]. Second, the water vapor profiles used in most of the earlier Mars models assumed that water was present primarily near the surface (the lower 5-10 kin). In current models, the lower atmosphere is considered well-mixed with respect to water to altitudes as high as 2040 kin, consistent with observational data [ffakoskyandFarmer, 1982; Clancy etal., 1992] . This increases the amount of H20 exposed to photolysis at higher altitudes, thereby raising the rate of HOx production.
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In a recent study which accounted for these factors, Shirnazaki [ 1989] was able to balance CO2 production and loss only by imposing an upper limit on the water vapor abundance of 1-2 precipitable microns (prgrn). This constraint limits the abundance of HOx species, which are largely derived from photolysis of H20. However, this water vapor abundance is an order of magnitude lower than the globally averaged abundance measured by Viking [ffakosky and Farmer, 1982] , and is also substantially lower than the recent measurements of Clancy et al. [ 1992] . (Table 1) . Hunten [1974] was the first to suggest that "cold trapping" of water and HOx species on surfaces could strongly perturb gas-phase HOx catalytic chemistry. However, this was discussed as a low-temperature equilibrium condensation process, rather than as an adsorption reaction governed by the kinetics of gas-surface reactions, capable of occurring at temperatures typical of the Martian surface and lower atmosphere. Kong and McElroy [1977] made the only attempt to quantitatively consider the impact of heterogeneous destruction of HOx, but confid- ered only adsorption on the regolith at the Martian surface; reactions on aerosol surfaces (dust or ice) were not included, although the surface area available for reaction on aerosol particles in the Marti .an atmosphere is often comparable to the area of the planet's surface. Their study also did not account for the temperature-dependence of the CO2 absorption cross section, and assumed that water in the atmosphere was present only very close to the surface. In this study, we explore the suggestion that the adsorption and reaction of HOx on aerosol surfaces is an alternative mechanism for suppressh•g HOx abundances and retarding the rate of CO oxidation, without violating observational constraints on the abundance of H20. Our intexat is not to rigorously quantify the effects on CO chemistry, but to determine the feasibility of heterogeneous chemistry as a significant HOx-suppression mechanism. We assess the potential impact of heterogeneous processes involving the Martian surface, as well as dust and ice aerosols, on the abundance and altitude distributions of HOx species. The effects of these processes are compared to those of lowering the H20 abundance, and the implications for CO2 chemistry are discussed.
MODEL DESCRIPTION
The potential impact of HOx adsorption was assessed by calculating HOx altitude profiles in the presence of ice and/or dust using a one dimensional photochemical model, including transport. The Caltech/Jet Propulsion Laboratory generalized planetary atmosphere photochemistry code is described elsewhere [Allen et al., 1981 ] . The model used here is a modified version of the model of Yung et al. [ 1988] . Details of this Mars model are described below.
Heterogeneous Chemistry
The rate of each HOx adsorption reaction was set equal to the collision frequency of the reacting species with a surface, multiplied by a surface loss coefficient, ¾, which represents the fraction of collisions which result in loss of the species from the gas phase (0 < ¾ < 1). Published measurements of ¾ for HOx species are summarized in Table 1 Once adsorbed, HOx species are assumed to react with gas phase OH or H, resulting in conversion to H20 or H2, which are rapidly rettm•ed to the gas phase. Tlfis mechanism is necessary to preserve The COSPAR temperature profile has been adopted below 100 km [Seiff, 1982] cales, aerosol effects on the radiation field should not have much impact on our results. All computations employed a diurnally averaged radiation field at equinox for • 30 ø latitude.
MODEL RESULTS
HOx profiles were calculated for a number of different models (Table 3) Number Density (cm'3) Most data were collected at or near room temperature. At lower temperatures, it is expected that ¾ should increase. This can be understood if the data represent an equilibrium between an energetically favorable adsorption reaction, and an endothermic desorption process. Such behavior has been observed for OH and HO2 on H3PO4, where loss coefficients increase by an order of magnitude as temperature is lowered from 298 K to 220 K [Margitan, 1976; Howard, 1979 The adsorption of H on ice is more problematic. The only laboratory study indicates ¾H < 0.001 [Gershenzon et al., 1986] , which is too small for an appreciable effect in the atmosphere. However, a theoretical study of adsorption on amorphous ice suggestSyH> 0.1 at < 150 K [BuchandZhang, 1991] . The applicability of this result to Martian ice surTaces is doubtful, since typical Martian atmospheric temperatures are higher than those at which amorphous ice is stable. Thus, the adsorption of H is unlikely to be an important process. [H20], increasing the rate constant K28, or a combination of these changes. The impact of reasonable "re-evaluations" of these gasphase data must be quantified.
Additionally, reactions involving HOx are considered critical to many processes in the Martian atmosphere (e.g., the abundance of 03, the escape rate of H, and the coupling of H escape to O escape). IfHOx abundances must be suppressed, we may need to revise our explanations of the chemistry governing such processes. For example, although it is generally assumed that 03 loss is dominated by reaction with HOx [e.g., Lindner, 1988 HOx chemistry must be introduced with care, and should not be used to "solve" modeling difficulties until all the reasonable permutations of gas-phase chemistry have been explored. Despite this caveat, the importance of quantifying the role of heterogeneous chemistry in the atmosphere of Mars cannot be overlooked. In the comparative planetology of atmospheres, Mars is said to possess the "dustiest" atmosphere. The impact of aerosols on Martian atmos-pheric chemistry is largely unknown, despite some imaginative but unproven speculations [Huguenin, et al. 1977 
